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57 ABSTRACT 

Disclosed is a low flow, low Reynolds number cavitating 
venturi. This cavitating venturi includes an inlet for receiv 
ing a liquid at an upstream pressure and an outlet for 
discharging the liquid received by the inlet at a downstream 
pressure. The liquid passes through a converging portion 
having a converging sidewall which extends from said inlet, 
through a throat portion having a throat sidewall and a 
diverging diffuser portion having a diverging sidewall. The 
cavitating venturi provides a substantially stable liquid flow 
rate independent of the downstream pressure up to a down 
stream pressure at least as high as 80% of the upstream 
pressure at a Reynolds number of 60,000 or less. 

19 Claims, 3 Drawing Sheets 
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1. 

CAVTATING WENTURI FOR LOW 
REYNOLDS NUMBER FLOWS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to cavitating venturis and, 

more particularly, to small cavitating venturis designed to 
operate at low Reynolds number (Re) flows of less than 
about 60,000. 

2. Discussion of the Related Art 
Cavitating venturis are widely used for the purpose of 

controlling liquid flow rates in fluid flow systems. 
Essentially, a venturi is a nozzle having a minimum area 
throat section between two tapered sections. Specifically, the 
typical textbook venturi is comprised of a long conical 
converging section in which the fluid total head is converted 
to a velocity head, a minimum area throatin which the fluid 
static pressure is equal to or less than the fluid vapor 
pressure, and a shallow angle conical divergent section in 
which the fluid velocity head is converted back to pressure 
head in a low-loss process. In other words, the throat 
diameter of the typical cavitating venturi is sized such that 
the static pressure of the fluid is equal to or below the vapor 
pressure of the flowing fluid, thus causing the fluid or liquid 
at the throat to form gaseous phase bubbles which travel at 
sonic speeds. 
By allowing the flowing liquid to vaporize or cavitate at 

the nozzle throat, the influence of downstream pressure 
variations on flow rate is eliminated. That is, fluid flow rate 
is no longer dependent upon the pressure difference across 
the venturi, but is dependent upon upstream pressure alone. 
Once this condition occurs, the flow rate and upstream 
pressure are independent of the downstream pressure. In the 
typical textbook, high flow, high Reynolds number (i.e. Re 
greater than 60,000) cavitating venturi design, this condition 
of cavitation and flow control can be maintained with the 
downstream pressure being as high as 80% of the upstream 
pressure. In such a case, 20% of the total pressure at the 
venturi inlet is lost in nonrecoverable losses. The venturi is 
thus said to have a pressure recovery capability of 80%. 

However, when such conventional textbook designs are 
applied to very small, low flow venturis having a Reynolds 
number of 60,000 or less and venturi throat diameters of 
about 0.020 inch or less, serious problems are encountered. 
Specifically, such venturies have been shown to demonstrate 
both poor pressure recovery and unpredictable flow control 
(bistability). Measurements of pressure recovery in which 
loss of flow control at downstream pressures as low as 50% 
of the upstream pressure have been observed (i.e. 50% of the 
total inlet pressure is lost in the process). Bistable operation 
in which the venturis operate in two distinct modes, differing 
in flow rate for a given or fixed upstream pressure by as 
much as 15% is also a common occurance. It is postulated 
that this bistability results from a hydraulic instability in 
which the vena contracta (minimum effective area) moves 
from within the throat area to downstream of the throat in a 
chaotic unpredictable fashion. 
What is needed then is a low flow, low Reynolds number 

(i.e.: Resé0,000) cavitating venturi which does not suffer 
from the above-identified disadvantages. Such a design must 
eliminate the poor pressure recovery, increase flow control 
at downstream pressures at least as high as 80% of the 
upstream pressure and prevent the cavitating venturi from 
becoming bistable or operating in two distinct modes dif 
fering in flow rates. It is, therefore, an object of the present 
invention to provide such a cavitating venturi. 
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2 
SUMMARY OF THE INVENTION 

In accordance with the teachings of the present invention, 
a cavitating venturi for operation at low Reynolds number 
flow is disclosed. The cavitating venturi is capable of 
providing a substantially stable liquid flow rate at a Rey 
nolds number of about 60,000 or less (i.e. Reso0,000) 
independent of downstream pressure up to a downstream 
pressure at least as high as 80% of an upstream pressure. 
This is basically achieved by using a nonconventional 
geometry for the cavitating venturi. 

In one preferred embodiment, the cavitating venturi 
includes an inlet for receiving a liquid at an upstream 
pressure. A converging portion extends from the inlet and is 
defined by a converging sidewall such that the converging 
portion has a length L. A throat portion extends from the 
converging portion and is defined by a throat sidewall such 
that the throatportion has a length Land a diameter Dr. The 
length Lc divided by the diameter Dr being less than 0.25 
and the length L divided by the diameter Dr being less than 
0.20. A diverging diffuser portion extends from the throat 
portion and is defined by a diverging sidewall. The liquid 
received by the inlet is discharged at an outlet at a down 
stream pressure. This allows the cavitating venturi to pro 
vide a substantially stable liquid flow rate independent of the 
downstream pressure, up to a downstream pressure at least 
as high as 80% of the upstream pressure at a Reynolds 
number of about 60,000 or less. 
Use of the present invention provides a low flow, low 

Reynolds number cavitating venturi which provides a sub 
stantially stable liquid flow rate at Reynolds numbers of 
about 60,000 or less and a pressure recovery of at least 80%. 
As a result, the aforementioned disadvantages associated 
with the typical textbook cavitating venturi has been sub 
stantially eliminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Still, other advantages of the present invention will 
become apparent to those skilled in the art after reading the 
following specification and by reference to the following 
drawings in which: 

FIG. 1 is a side cross-sectional view of a prior art 
cavitating venturi designed for operation with high Reynolds 
number flows; 

FIG. 2 is a front view of one preferred embodiment of a 
cavitating venturi of the present invention looking into a 
converging inlet of the cavitating venturi; 

FIG. 3 is a side cross-sectional view of the embodiment 
shown in FIG. 2 taken along line 3-3 of FIG. 2; 

FIGS. 4-6 illustrate the flow stability and pressure recov 
ery of the cavitating venturi shown in FIGS. 2 and 3 
operating at 3 different values of Reynolds number (Re); 

FIG. 7 is a partial side cross-sectional view of a thruster 
which utilizes the cavitating venturi of the presentinvention; 
and 

FIG. 8 is an enlarged cross-sectional view of one cavi 
tating venturi installed in the thruster of FIG. 7. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODMENT 

The following description of a cavitating venturi for low 
Reynolds number flows is merely exemplary in nature and 
is in no way intended to limit the invention or its application 
or uses. Moreover, while this invention is described below 
in connection with a rocket thruster, those skilled in the art 
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would readily recognize that the cavitating venturi can be 
utilized with various other systems and in various other 
environments. For example, the cavitating venturi can be 
used to control fuel in automotive injectors, hydraulic fluid 
in servo loops, and liquid flows in chemical and medical 
processes. 

Referring now to FIG. 1, a cross-sectional view of a 
typical prior art cavitating venturi 10 based on parameters 
optimized for high Reynolds number operation is shown. 
The venturi 10 has an overall length Aof about 14 inches and 
an overall width or diameter B of about 1.75 inches. The 
venturi 10 includes a converging section 12 having a length 
C of about 3 inches and an inlet 14 having a diameter D of 
about 1.5 inches, tapering at an overallinlet angle E of about 
8° to 10°. Following the converging section 12 is a throat 
section 16 having a length F of about 2 inches which 
narrows to a diameter G of about 0.5 inches. The throat 
section 16 extends to a diverging diffuser section 18 which 
has a length H of about 9 inches and an overall diverging 
angle I of about 6° to 8° to form an outlet 20 having a 
diameter J of about 1.5 inches. 
While the venturi 10 has been described above with 

specific dimensions, those skilled in the art would recognize 
that the typical venturi 10 can have numerous other dimen 
sions having the same overall configuration. For instance, 
referring to the earlier definitions of L, L, and Dr. A 
conventional venturi 10 has a value L being typically 5 to 
10 times the diameter D and the length L being typically 
3 to 10 times the diameter D. Moreover, the outlet diameter 
20 is typically approximately 3 to 10 times the throat 
diameter Dr. 
The venturi 10 described above is atypical highflow, high 

Reynolds number cavitating venturi which operates very 
successfully at a Reynolds number greater than 60,000. The 
Reynolds number referred to herein is known in the art as a 
dimensionless parameter which determines the behavior and 
characteristics of fluid flows in ducts and pipes.-and is 
defined by: 

p VD 
Re= 

where p is fluid density, V is stream velocity, Dr is throat 
diameter and is fluid viscosity. The high Reynolds number 
(i.e. greater than 60,000) results because of the high flow 
(i.e. stream velocity V) and larger diameter throat 16 (D). 
For example, assuming we have HO as a working fluid with 
a liquid density p of 62.4 lb/ft, a stream velocity V of 211 
ft/sec. and a fluid visocity u of 6.7x10 lb/ft.sec. with 
D=G=0.5 inches, we would have a Reynolds number of 
819,000. 
The cavitating venturi 10 operates as follows. The total 

fluid pressure of the liquid or fluid (not shown) entering the 
inlet 14 comprises essentially the static pressure of the fluid 
plus a velocity pressure (i.e. Bernoulli's equation states the 
following: 

pV2 
Total Pressure - P -- - - s 

where Ps=static pressure, p=fluid density, V=fluid velocity, 
and grgravitation constant). For example, assume that the 
liquid or fluid entering the inlet 14 has a total pressure of 
about 300 lbs. per square inch (psi) and is traveling at about 
two (2) feet per second (ft/s). As the fluid flows through the 
converging section 12, its velocity increases and the total 
pressure remains essentially constant at 300 psi. At the throat 
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4 
section 16, the velocity increases to about 211 ft/s resulting 
in the static pressure (Ps) becoming very low or negligible, 
while the velocity pressure (pV/2g) increases to about the 
total pressure (i.e. 300 psi). As local velocity increases, the 
static pressure decreases to a level below the vapor pressure 
or flash point of the fluid, causing the fluid to vaporize or 
cavitate. When the liquid flashes to vapor, the volumetric 
flowrate is greatly increased, increasing the local velocity to 
sonic speeds. These vaporized bubbles traveling at Sonic 
speeds prevent pressure waves downstream from traveling 
upstream, thereby isolating the downstream pressure. As the 
vapor bubbles enter the diverging diffuser section 18, the 
velocity decreases and the static pressure increases above 
the vapor pressure. This causes vapor or gaseous bubbles to 
condense to a liquid and the fluid exits the outlet 20 at about 
2 ft/s and 240 psi. Hence, the venturi 10 is said to have a 
pressure recovery of 80%. That is, 20% of the initial 
pressure is lost as nonrecoverable losses. 

Turning to FIGS. 2 and 3, a front view and a side 
cross-sectional view of a preferred embodiment of a cavi 
tating venturi 22 of the present invention, is shown. The 
cavitating venturi 22 is preferably constructed of stainless 
steel having a standard machine finished surface. The cavi 
tating venturi 22 may also be constructed of other suitable 
materials depending on the environment for which the 
cavitating venturi 22 will be employed. The cavitating 
venturi 22 has an overall length Kof about 0.25 inches and 
an overall width or diameter L of about 0.12 inches. 
The cavitating venturi 22 includes an inlet 24 and a 

converging portion 26 extending from the inlet 24 which is 
defined by a converging sidewall 28. The inlet 24 has an 
initial inlet diameter M of between about 0.015 to 0.025 
inches that converges at an overall angle N of between about 
55° to 65° to a throat sidewall 30 at a throat portion 32, 
where the throat diameter (D) O is between about 0.01 to 
0.02 inches. The length P of the converging portion (L) is 
between about 0.002 and 0.004 inches and the length Q of 
the throat portion 32 (L.) is between about 0.001 and 0.003 
inches. After the throat portion 32, there is a diverging 
diffuser portion 34 formed by a diverging sidewall 36. The 
diverging sidewall 36 begins at the throat sidewall 30 and 
diverges at an overall angle R of between about 6° to 8° to 
form an outlet 38 having a diameter S of between about 
0.048 to 0.050 inches. The overall length T of the diverging 
section 24 is between about 0.243 and 0.247 inches. 
While the cavitating venturi 22, as shown in FIGS. 2 and 

3 has been described above in reference to specific 
dimensions, it would be understood by those skilled in the 
art that the cavitating venturi 22 is not strictly limited to 
these specific dimensions. Moreover, as long as the dimen 
sions of the cavitating venturi 22 has the following geomet 
ric relationships, the cavitating venturi 22 will eliminate the 
disadvantages discussed above for low flow, low Reynolds 
number cavitating venturis. Specifically, the cross-sectional 
area of the outlet (A) 38 divided by the cross-sectional area 
of the throat portion (A) 32 should be equal to or greater 
than 10. For example, with S equal to 0.048 inches and O 
equal to 0.015 inches, we have: 

Ao area of outlet(tr.) =-f(S2) = 10.24 
AT area of throat(tr.) it (O12)2 

-10.24 a 10 

The length of the throatportion 36 (i.e. L=Q) divided by the 
diameter of the throat (i.e. D=O) should be less than 0.2. 
For example, with Q equal to 0.002 inches and O equal to 
0.015 inches, we have: 



5,647,201 
S 

LT Q .002 LT 
- = , = i = 13. p < 2 

The length of the converging portion 32 (i.e. L=P) divided 
by the diameter of the throat (i.e. D=O) should be less than 
0.25. For example, with Pequal to 0.003 inches and O equal 
to 0.015 inches, we have: 

Lic 
Dr 

P .002 = i = 2. C.25 
DT 

In addition, the diverging angle R should be between about 
6° and 8° and the converging angle N should be between 
about 55° and 65°. A low flow, low Reynolds number 
cavitating venturi having the geometric relationship, as set 
forth above, will provide pressure recovery of at least 80% 
and operate in a single stable mode for Reynolds numbers of 
about 60,000 or less. 
Turning to FIGS. 4-6, test results on the operation of the 

cavitating venturi 22, over a broad range of inlet pressures, 
are shown. The horizontal axis of the graphs shown in FIGS. 
4-6 represents the pressure recovery ratio or pressure down 
stream (i.e. P) over pressure upstream, (i.e. P). On the 
vertical axis is the flow rate at the recovery ratio (i.e. P/P) 
over the maximum flow rate with no back pressure, also 
known as the normalized or ambient flow rate. FIG. 4 shows 
the venturi performance at a Reynolds number of 57.220 
having an upstream inlet pressure of 214 psi and a throat 
diameter D=0.015 inch. FIG. 5 shows the venturi perfor 
mance at a Reynolds number of 39.300 having an upstream 
inlet pressure of 110 psi and a throat diameter D=0.015 
inch. FIG. 6 shows the venturi performance at a Reynolds 
number of 18,500 having an upstream inlet pressure of 134 
psi and a throat diameter D=0.014 inch. The working fluid 
used in FIGS. 4 and 5 is N.O. The working fluid used in 
FIG. 6 is N.H. FIGS. 4-6 show that the cavitating venturi 
22 maintains 95% of its flow with a downstream pressure up 
to 80% of the upstream pressure, more specifically, at up to 
about 0.84 pressure recovery. At pressure ratio's greater than 
0.84, cavitation is essentially suppressed such that a flow is 
no longer only dependent upon the upstream inlet 28 
pressure, but is only dependent upon the downstream pres 
sure. During the flow tests which generated FIGS. 4-6, only 
a single stable flow result was observed with no bistability 
occuring. 

Arocketthruster 40, is shown in FIG.7, which may utilize 
two (2) cavitating venturis 22a and 22b, of the present 
invention. The thruster 40 is described in detail in U.S. Pat. 
No. 5,417,049, application Ser. No. 07/748,990, filed Aug. 
21, 1991 and application Ser. No. 07/511,153, filed Apr. 19, 
1990, which are each hereby incorporated by reference. The 
thruster 40 operates in either a monopropellant mode or a 
bipropellant mode. In the monopropellant mode, only a 
single cavitating venturi 22a is utilized to regulate the flow 
of fuel, such as hydrazine (NH) from an inlet line 42 into 
a decomposition chamber 44. In the bipropellant mode, the 
cavitating venturi 22a controls the flow of fuel into the 
decomposition chamber 44, while a second cavitating ven 
turi 22b controls the flow of an oxidizer, such as nitrogen 
tetroxide (NO) from an inlet line 46 into a central portion 
48 of a thrust chamber 50. FIG. 8 shows a partial cross 
sectional view of the cavitating venturis 22a and 22b 
mounted within the thruster 40. 
For exemplary purposes only, in the monopropellant 

mode, the upstream inlet pressure at inlet line 42 may be 
about 325 psi, while the downstream pressure at the decom 
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6 
position chamber 44 may be about 45 psi. In the bipropellant 
mode, the upstream pressure at inlet lines 42 and 46 may be 
about 325 psi, while the downstream pressure in the decom 
position chamber 44 may be about 150 psi and about 200 psi 
in the central portion 48 of the thruster chamber 50. Since 
the thruster 40 may operate in either a monopropellant or 
bipropellant mode depending on the particular needs, the 
cavitating venturis 22a and 22b isolate the downstream 
pressures so that flow control is only dependent upon the 
upstream pressures at inlet lines 42 and 46 which can be 
readily controlled and monitored. The cavitating venturis 
22a and 22b are capable of providing a stable flow inde 
pendent of the downstream pressure up to a downstream 
pressure of at least as high as 80% of the upstream pressure 
at any Reynolds number, but are best suited to operate at a 
Reynolds number of about 60,000 or less. This allows the 
thruster 40 to switch between the monopropellant or bipro 
pellant phase while providing a stable flow independent of 
the pressures in the decomposition chamber 44 or the central 
portion 48 of the thrust chamber 50. 

In operation, the cavitating venturis 22a and 22b operate 
similar to the cavitating venturi 10, shown in FIG.1. As the 
fuel flows through the cavitating venturi 22a or the oxidizer 
flows through the cavitating venturi 22b, at a rate of about 
0.01 lbs/sec., the liquid fuel or oxidizer vaporizes and forms 
gaseous bubbles in the throat portion 32 which travel at 
Sonic speeds and then condense in the diverging diffuser 
portion 34 such that 95% of the original flow is maintained 
up to a downstream pressure of at least 0.80 of the upstream 
pressure. Moreover, the cavitating venturis 22a and 22b 
operate in a single stable mode so that the flow does not 
toggle between two distinct flows. A typical Reynolds num 
berfor the low flow cavitating venturi22a would be 18,000, 
assuming that the hydrazine (NH) has a fluid density p of 
62.2 lb/ft, a stream velocity V of 140 ft/sec. and a fluid 
viscosity of 5.75x101b/ft.sec., with athroat diameter of 
about 0.015 inches. The Reynolds number for the low flow 
cavitating venturi 22b would be 39,000, assuming that the 
nitrogen tetroxide (N2O) has a fluid density p of 90 lb/ft, 
a stream velocity V of 98 ft/sec. and a fluid viscosity of 
2.8x10 lb/ft.sec., with a throat diameter of about 0.015 
inches. 
The foregoing discussion discloses and describes merely 

exemplary embodiments of the present invention. One 
skilled in the art would readily realize from such a 
discussion, and from the accompanying drawings and 
claims, that various changes, modifications and variations 
can be made therein without departing from the spirit and 
scope of the invention, as defined by the following claims. 
What is claimed is: 
1. A low flow, low Reynolds number cavitating venturi 

comprising: 
an inlet for receiving a liquid at an upstream pressure; 
a converging portion extending from said inlet and 

defined by a converging sidewall, said converging 
portion having a length L; 

a throat portion extending from said converging portion 
and defined by a throat sidewall, said throat portion 
having a length L and a diameter D, said length L 
divided by said diameter Dr being less than about 
(0.25) and said length L divided by said diameter Dr. 
being less than about (0.20); 

a diverging diffuser portion extending from said throat 
portion and defined by a diverging sidewall; and 

an outlet for discharging said liquid received by said inlet 
at a downstream pressure, wherein said cavitating ven 
turi provides a substantially stable liquid flow rate 
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independent of said downstreampressure up to a down 
stream pressure at least as high as 80% of said upstream 
pressure at a Reynolds number of 60,000 or less. 

2. The low flow, low Reynolds number cavitating venturi 
as defined in claim 1 wherein said inlet has a diameter D of 
about 0.025 inches or less. 

3. The low flow, low Reynolds number cavitating venturi 
as defined in claim 1 wherein said converging portion 
defined by said converging sidewall converges from said 
inlet in an overall angle of between about 55° to 66°. 

4. The low flow, low Reynolds number cavitating venturi 
as defined in claim 1 wherein said length Le of said 
converging portion is about 0.004 inches or less. 

5. The low flow, low Reynolds number cavitating venturi 
as defined in claim 1 wherein said diameter D of said throat 
portion is about 0.02 inches or less. 

6. The low flow, low Reynolds number cavitating venturi 
as defined in claim 1 wherein said length L of said throat 
portion is about 0.003 inches or less. 

7. The low flow, low Reynolds number cavitating venturi 
as defined in claim 1 wherein said throat sidewall is sub 
stantially perpendicular to said inlet. 

8. The low flow, low Reynolds number cavitating venturi 
as defined in claim 1 wherein said diverging diffusion 
portion defined by said diverging sidewall diverges from 
said throat portion at an overall angle of between about 6 
to 8. 

9. The low flow, low Reynolds number cavitating venturi 
as defined in claim 1 wherein said outlet has a diameter D 
of about 0.060 inches. 

10. The low flow, low Reynolds number cavitating venturi 
as defined in claim 1 wherein said outlet has a diameter D, 
the cross-sectional area of said outlet Acis defined by at D’ 
divided by 4 and the cross-sectional area of said throat 
portion A is defined by at D, divided by 4, wherein the 
cross-sectional area of said outlet A divided by the cross 
sectional area of said throat portion A being equal to or 
greater than 10. 

11. The low flow, low Reynolds number cavitating venturi 
as defined in claim 1 wherein said cavitating venturi is 
generally an elongated cylinder having an overall length of 
about 0.25 inches and a diameter of about 0.12 inches. 

12. The low flow, low Reynolds number cavitating venturi 
as defined in claim 1 wherein said cavitating venturi is 
constructed of stainless steel. 

13. The low flow, low Reynolds number cavitating venturi 
as defined in claim 1 wherein said cavitating venturi is 
mounted within a rocket thruster. 

14. A bipropellant rocket thruster for operating in a 
bipropellant mode or in a monopropellant mode, said 
thruster comprising: 

a first inlet line for receiving a first liquid at a first 
upstream pressure; 

a first cavitating venturi for receiving said first liquid at 
said first upstream pressure, said first cavitating venturi 
having a converging portion having a length L and a 
throat portion having a length L and a diameter D, 
said length L divided by said diameter Dr being less 
than about (0.25) and said length L divided by said 
diameter Dr being less than about (0.20); and 

a decomposition chamber for receiving said first liquid 
discharged from said first cavitating venturi at a first 
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8 
downstream pressure, wherein said first cavitating ven 
turi provides a substantially stable liquid flow rate of 
said first liquid independent of said first downstream 
pressure up to a first downstream pressure at least as 
high as 80% of said first upstream pressure at Reynolds 
number of about 60,000 or less. 

15. The bipropellant rocket thruster as defined in claim 14 
further comprising: 

a second inlet line for receiving a second liquid at a 
second upstream pressure; 

a second cavitating venturi for receiving said second 
liquid at said second upstream pressure; and 

a thrust chamber for receiving said second liquid dis 
charged from said second cavitating venturiata second 
downstream pressure, wherein said second cavitating 
venturi provides a substantially stable liquid flow rate 
of said second liquid independent of said second down 
stream pressure up to a second downstream pressure of 
at a least as high as 80% of said second upstream 
pressure at a Reynolds number of about 60,000 or less. 

16. The bipropellant thruster is defined in claim 15 
wherein said second cavitating venturi comprises: 

an inlet for receiving said second liquid at said second 
upstream pressure; 

a converging portion extending from said inlet and 
defined by a converging sidewall, said converging 
portion having a length L; 

a throat portion extending from said converging portion 
and defined by a throat sidewall, said throat portion 
having a length L and a diameter D, said length L 
divided by said diameter Dr being less than (0.25) and 
said length L divided by said diameter Dr being less 
than (0.20): 

a diverging diffuser portion extending from said throat 
portion defined by a diverging sidewall; and 

an outlet for discharging said second liquid. 
17. A low flow, low Reynolds number cavitating venturi 

comprising: 
an inlet for receiving a liquid at an upstream pressure; 
a converging portion extending from said inlet and 

defined by a converging sidewall which converges 
from said inlet at an angle of between about 55° to 65°; 

a throat portion extending from said converging portion 
and defined by a throat sidewall, said throat portion 
having a length L and a diameter D, said length L. 
divided by said diameter Dr being less than about 
(0.20): 

a diverging diffuser portion extending from said throat 
portion and defined by a diverging sidewall which 
diverges at an angle of between about 6 to 8; and 

an outlet for discharging said liquid received by said inlet 
at a downstream pressure, said outlet having a diameter 
Do, the cross-sectional area of said outlet being defined 
by T. De divided by 4 and the cross-sectional area of 
said throat portion being defined by T. D. divided by 
4, the cross-sectional area of said outlet divided by the 
cross-sectional area of said throat being equal to or 
greater than 10, wherein said cavitating venturi pro 
vides a stable liquid flow rate independent of said 
downstream pressure up to a downstream pressure as 
high as 80% of said upstream pressure at a Reynolds 
number of about 60,000 or less. 

18. The low flow, low Reynolds number cavitating venturi 
as defined in claim 17 wherein said converging portion has 
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a length L wherein said length L divided by said diameter said length Lc divided by said diameter Dr being less 
Dr is less than about (0.25). than about (0.25) and said length L divided by said 

19. A bipropellant rocket thruster for operating in a diameter Dr being less than about (0.20); and 
bipropellant mode or in a monopropellant mode, said a decomposition chamber for receiving said first liquid 
thruster comprising: discharged from said first cavitating venturi at a first 

a first inlet line for receiving a first liquid at a first downstream pressure, wherein said first cavitating ven 
upstream pressure; turi provides a substantially stable liquid flow rate of 

a first cavitating venturi for receiving said first liquid at said first liquid independent of said first downstream 
said first upstream pressure, said first cavitating venturi 10 pressure. 
having a converging portion having a length L and a 
throat portion having a length L and a diameter D, e : 


